Background {#S0001}
==========

Coenzyme Q10 (CoQ10) is a protective lipophilic molecule, synthesized in human cells under the control of HMG CoA reductase[@CIT0001] and plays a vital role in the production of ATP as an electron carrier in the respiratory chain.[@CIT0001],[@CIT0002] CoQ10 has an extensive range of functions, which is dependent on sufficient levels of it.[@CIT0003] Other than its role in energy production, CoQ10 has also antioxidant properties. CoQ10 has the potency of conferring protection from reactive oxygen species (ROS), improves the function of protein and enzymes, and reconstructs antioxidants such as vitamin E, vitamin C, and lipoic acid after protecting DNA, lipids and other proteins from oxidative damage. In addition, CoQ10 preserves the brain and other neural tissues from damages caused by free radicals.[@CIT0001]--[@CIT0003]

Breast cancer (BC) is the most prevalent female cancer and the major cause of death in middle-aged women.[@CIT0004],[@CIT0005] There are different types of breast cancer mainly determined by the expression of the estrogen receptor (ER) and human epidermal growth factor receptor 2 (HER2).[@CIT0006] Damages caused by ROS to DNA and other cell molecules are the most important culprit in the onset and development of the disease. One of the most common drugs used to treat breast cancer is tamoxifen -- a selective estrogen receptor modulator.[@CIT0007],[@CIT0008] There are promising publications that antioxidants would complete tamoxifen therapy in BC patients in different aspects.[@CIT0009]

Cytokines have both tumor-promoting and inhibitory effects on breast cancer growth depending presumably on their relative concentrations and the presence of other moderating factors.[@CIT0010] Cancer is related to inflammation, which means the levels of pre-inflammatory cytokines such as interleukin-6 (IL-6), interleukin-8 (IL-8), and vascular endothelial growth factor (VEGF) could rise.[@CIT0006],[@CIT0008],[@CIT0010]

Cytokines play a significant role in immune system management. IL-6 is a pleiotropic cytokine with noticeably tumor-promoting and tumor-inhibitory effects. Referring to patients' serum IL-6 levels, unexpectedly unique data are indicated, that IL-6 to be a negative predictor in breast cancer patients.[@CIT0010]

In addition, IL-8 seems to have a remarkable capability to functions as a prognostic cancer biomarker via autocrine and paracrine. IL-8 is highly expressed in ER− breast tumors, but it boosts invasiveness and metastatic potential of both ER− and ER+ breast cancer cells.[@CIT0006]

Moreover, angiogenesis is crucial for tumor growth. VEGF is one of the most potent angiogenic cytokines. Heer et al have shown that serum VEGF has a much higher sensitivity (62.1%) in detecting BC than both the presently used tumor markers, CA15-3 (13.6%) and CEA (10.3%), with a specificity of 74%.[@CIT0008]

The reduction of CoQ10 serum levels in BC patients is associated with less accurate prediction.[@CIT0002] Thus, besides medical treatment in cancer patients, physicians prescribe CoQ10 alongside other antioxidants. One of the CoQ10 anti-inflammatory properties is performed by reducing inflammatory cytokines\' secretion.[@CIT0011],[@CIT0012] A study on the efficacy of Q10 supplemented with other nutrients revealed a significant decline in serum levels of IL-1β, IL-6, IL-8, TNF-α, and VEGF after 90 days.[@CIT0013]

In our literature review, no clinical trials have been found to support the efficacy of CoQ10 alone in BC patients. Therefore, this study sought to further elucidate CoQ10 effects on serum levels of IL-6, IL-8, and VEGF in breast cancer patients undergoing tamoxifen therapy.

Methods {#S0002}
=======

In this randomized double-blind placebo-controlled clinical trial, 143 women diagnosed as breast cancer patients with positive estrogen receptor were first assessed for eligibility and 30 patients met the inclusion criteria. Patients were recruited from the Medical Oncology Department of the Governmental Shaffa Hospital, Ahvaz, Iran, by their physicians.

The inclusion criteria were as follows: ages between 19 and 49, at least 6 months have passed since chemotherapy and radiation therapy, and a history of taking 20mg/day tamoxifen for at least one year, not taking Q10 supplement or other antioxidants such as vitamin E, willingness to comply with all interventions and follow-up procedures, non-pregnant and non-lactating, having no uncontrolled diseases such as diabetes and hypo/hyper-thyroid, not taking non-prescription drugs, corticosteroids, and statins. Exclusion criteria were as follows: metastasis and total or partial mastectomy. Informed consent was obtained from all subjects with a due explanation of the study.

The patients were randomly allocated into two groups of intervention and control. Subjects in the intervention group (Group 1.A) received an oral dose of 100 mg/day CoQ10,[@CIT0013] and the control group (Group 2.A) received placebo for 2 months. Placebo capsules were the same color and shape as the supplements. The subjects were advised to take the supplements within meals. Compliance was checked by counting the number of tablets handed out to the patients and recollected at the end of the study. The safety of the dose and duration of the study had been proved by the preceding studies.[@CIT0014],[@CIT0015] To eliminate possible effects of tamoxifen on inflammatory cytokine serum levels, patients who did not take tamoxifen should enroll, but for ethical reasons, healthy subjects were enrolled as third and fourth groups, which were given supplements (Group 1.B) and placebos (group 2.B), respectively.

Blood samples were collected after 8--12 hrs of overnight fasting, in the beginning and at the end of the study, respectively. Serum levels of IL-6, IL-8, VEGF, and CoQ10 were determined using the enzyme-linked immunosorbent (ELISA) kit according to the instructions provided by the manufacturer. All biochemical assessments were performed by a skilled assessor who was blind to the group assignment.

All the subjects were commanded by a dietitian to maintain a 3-day dietary record, including two weekdays and one weekend day before and after the end of the study period. Dietary energy and nutrient intake were analyzed by Nutritionist IV software. All the subjects were asked to avoid using soy products thoroughly because of estrogen agonistic/antagonistic effects.[@CIT0016]

Sample Size {#S0002-S2001}
-----------

According to the paper Premkumar et al (2007), using mini-tab software with a confidence interval of 95% and test power of 90%, the sample size in each group was set at 10 persons. To increase the accuracy of the study and to prevent a 50% drop, the sample size was increased to 15 individuals.

Statistical Analysis {#S0002-S2002}
--------------------

Statistical analysis was performed using Statistical Package for Social Science version 22 (SPSS, Chicago, IL, USA). The normality of the distribution of the variables was evaluated using the Shapiro--Wilk test. Chi-square and Kruskal--Wallis *H*-tests were employed to assess baseline group differences in categorical and continuous variables. Analysis of covariance (ANCOVA) followed by the least significant difference (LSD) test was used to compare the mean of BMI, dietary intake, IL-6, IL-8 and VEGF serum levels between groups at the beginning and end of the study. Paired sample *t*-test was assessed the differences in each group of mean serum levels of coenzyme Q10 before and after the intervention. Statistical analysis was performed using Statistical Package for Social Science version 22 (SPSS, Chicago, IL, USA). Values are expressed as mean±SD and were considered statistically significant if the P-value was less than 0.05.

Results {#S0003}
=======

A total of 59 subjects were randomized in this trial ([Figure 1](#F0001){ref-type="fig"}). Baseline characteristics for all participants are summarized in [Table 1](#T0001){ref-type="table"}. Patient features did not differ significantly between the treatment groups. None of the participants in the study had specific illnesses such as diabetes, hypertension, and thyroid disorders. Menstrual cycle status in the healthy/placebo group (100%) 15 and the healthy/CoQ10 group (15%) was regular, and there is no menstrual cycle in the patient/placebo group (93.3%) 14, and the patient/CoQ10 group (93.3%). Fourteen percent, with the exception of one person in each group with regular menstrual cycles. All patients were at stage 1 or 2 of breast cancer.Table 1Anthropometric and Demographic Characteristics in Participants Under StudyVariablesPlacebo (N=30)CoQ10 (N=29)P-ValueHealthyPatientHealthyPatientAge (y)34±7.9936.33±7.7337.33±8.1140.66±5.190.108Height (cm)157.8±6.60158.26±2.40158.26±4.43158.53±6.020.969Weight (kg)63.6±5.4664.33±8.4665.33±6.3465.26±8.430.901BMI (kg.m-2)25.61±2.6525.66±3.1525.98±2.7125.96±3.010.250Educational status0.689 Illiterate2 (13.3%)2 (13.3%)2 (13.3%)6 (40%) Primary9 (60%)11 (73.3%)9 (60%)7 (46.7%) Secondary3 (20%)1 (6.7%)3 (20%)1 (6.7%) College/university1 (6.7%)1 (6.7%)1 (6.7%)1 (6.7%)Marital status0.857 Married12 (80%)14 (93.3%)12 (80%)13 (86.7%) Unmarried3 (20%)1 (6.7%)3 (20%)2 (13.3%)Cigarette/alcohol1 No15 (100%)14 (93.3%)15 (100%)14 (93.3%) Yes01 (6.7%)01 (6.7%)Physical activity1 Light14 (93.3%)15 (100%)14 (93.3%)14 (93.3%) Moderate1 (6.7%)01 (6.7%)1 (6.7%) Vigorous0000[^1][^2] Figure 1Subject's flowchart. One hundred twenty-two subjects were included in the study. After the exclusion of 63 subjects due to unwillingness, travelling, medication alteration, and susceptibility to CoQ10, 30 breast cancer patients and 29 healthy persons remained and randomized to four groups. Fifteen breast cancer patients and 14 healthy subjects took the CoQ10 supplement and 15 breast cancer patients and 15 healthy subjects took the placebo. Serum samples were sent to the laboratory for evaluation of inflammatory factors before and 8 weeks after the intervention.

In addition, dietary intake of energy and macronutrients was assessed before and after supplementation. No difference was observed between groups at baseline and no change was detected at the end of 2 months. The average compliance was estimated to be approximately 95.5%. CoQ10 serum levels were measured at baseline and following the 8 weeks of therapy. These data are summarized in [Table 2](#T0002){ref-type="table"}. As can be seen, patients had lower levels of CoQ10 than healthy people. On average, supplementation resulted in more than threefold increase in serum levels of CoQ10, from a mean±SD of 18.40±4.04 ng/L at baseline to 62.40±4.67 ng/L at 8 weeks for patients and approximately twofold elevation from 35.14±7.35 ng/L to 74.50±3.75 ng/L for healthy subjects (*p*\<0.0001). The serum concentrations of IL-6, IL-8, and VEGF were compared between all the study groups and are shown in [Table 3](#T0003){ref-type="table"}. IL-6 serum levels were high in four groups at baseline. After the supplementation, IL-6 serum levels significantly decreased (P=0.043). Hence, paired comparisons of IL-6 serum levels between Group 1.A/Group 2.A (P=0.009) and Group 1.B/Group 2.A (P=0.014) were significant. IL-8 serum levels in subjects who received CoQ10 supplement showed a significant reduction (p\<0.0001). Also, paired comparisons of IL-8 serum levels between Group 1.A/Group 2.A, Group 1.B/Group 2.A and Group 1.B/Group 2.B were significant (P\<0.001). In this clinical trial, despite the evident downward trend, CoQ10 supplementation did not reveal any significant effect on serum VEGF concentration (p\>0.05).Table 2CoQ10 Status in Participants Before and After SupplementationVariablesBefore (Mean±SD)After (Mean±SD)P-ValueCoQ10 (ng/L) Healthy/Placebo39.06±8.9739.33±10.090.060 Patient/Placebo18.73±2.9318±3.090.65 Healthy/CoQ1035.14±7.3574.50±3.75\<0.0001 Patient/CoQ1018.40±4.0462.40±4.67\<0.0001[^3] Table 3Effect of Coenzyme Q10 Supplementation on Serum Cytokine Levels in Healthy Subjects and Breast CancerVariablesBefore (Mean±SD)After (Mean±SD)P-ValueIL6 (ng/L)0.043 Healthy/Placebo83.06±20.9176.06±19.17 Patient/Placebo214.06±31.37202.40±29.65 Healthy/CoQ1091.85±81.8372.21±59.05 Patient/CoQ10120.20±79.3595.53±89.14IL8 (ng/L)\<0.0001 Healthy/Placebo191.93±135.87185.73±134.50 Patient/Placebo281.60±135.79274.26±133.47 Healthy/CoQ10262±114.51143.78±108.10 Patient/CoQ10255.06±124.34156±108.63VEGF (ng/L)0.699 Healthy/Placebo1522.80±277.341507.66±278.83 Patient/Placebo1432.86±92.791421±89.19 Healthy/CoQ101778.92±597.031538.78±527.98 Patient/CoQ101767±594.321522.46±279.82[^4]

Discussion {#S0004}
==========

The aim of the current study was to evaluate the effects of oral CoQ10 supplementation on serum concentrations of IL-6, IL-8, and VEGF in breast cancer patients, taking 20 mg/day tamoxifen. This trial demonstrated that CoQ10 supplementation for 8weeks in breast cancer patients led to a significant decrease in IL-8 and IL-6 concentrations compared to placebo. Moreover, a non-significant decline was observed in VEGF in four groups. Although the reduction was larger in the supplemented groups than in placebo groups, the difference between the groups was not significant.

The circulating levels of CoQ10 associated with breast cancer risk. SWHS study, with a relatively larger sample size and longer follow-up time, shows an inverse association for plasma CoQ10 levels with breast cancer risk in Chinese women.[@CIT0017] One reason for the prevalent use of CoQ10 supplementation by patients with breast and other cancers is due to the correction of supposed CoQ10 deficiency that could increase treatment-related toxicity tolerance.[@CIT0018]

Despite the conflicting effects of IL-6 on breast cancer cells exhibited in many in vitro studies, there is a growing number of trials indicating that the up-regulated serum IL-6 level which demonstrates high IL-6 serum level is a negative prognostic indicator in breast cancer patients. Interleukin 8 could be an essential factor in breast cancer and could influence the efficiency of the treatment by tamoxifen. Therefore, IL-8 and IL-8 receptors are crucial.[@CIT0006] VEGF is one of the most powerful angiogenic cytokines. Proliferation of endothelial cells and promotion of blood vessel permeability is caused by VEGF. Finally, it caused endothelial cells' organization and tumor cells' migration that is correlated with decreased relapse-free survival.[@CIT0008]

The effects of CoQ10 on oxidative stress and inflammation in other diseases are examined by many researchers, but the results are not consistent. In studies that have been conducted on rheumatoid arthritis[@CIT0019] and hepatocellular carcinoma[@CIT0020] and non-alcoholic fatty liver diseases,[@CIT0021] patients showed no significant reduction in IL-6 between groups. On the other hand, in trials on multiple sclerosis[@CIT0022] and acute myocardial infarction,[@CIT0023] patients experienced a significant decrease in the inflammatory marker (TNF-α and IL-6) plasma levels. There was a statistically significant relationship between plasma CoQ10 levels and levels of vascular cell adhesion molecules, TNF-α, IL-8, IL-10, E-selectin, IL-1ra, IL-6 and IL-2 in septic shock patients.[@CIT0024] Fan et al review detected significant effects of CoQ10 on lowering CRP, IL-6, and TNF-α.[@CIT0025] A different review revealed a significant decrease in TNF-α levels after CoQ10 supplementation but no considerable alteration in IL-6 and CRP serum levels was found.[@CIT0011]

Almost consistent with our results, Premkumar et al observed a significant decrease in IL-1 β, IL-6, IL-8, TNF- α and VEGF in patients who were supplemented with CoRN (CoQ10, Riboflavin, and Niacin) along with tamoxifen for 45 and 90 days, respectively, when compared to other groups.[@CIT0013] In the same dose of this study, Rahmani et al found that taking 100 mg/d CoQ10 for 12 weeks in subjects with PCOS downregulated gene expression of IL-1, IL-8, and TNF-a compared with the placebo.[@CIT0026]

On the other hand, Michael W. Donnino's clinical trial in patients with severe sepsis or septic shock showed no difference between the ubiquinol and placebo groups in levels of VEGF, VCAM-1, TNF-α, IL-2 or IL-10 over time. Surprisingly IL-6 levels at 12, 24, 48, and 72 hrs were significantly higher in patients receiving ubiquinol when compared to the placebo group.[@CIT0027]

Antioxidant activity is the most prominent biological characteristic of CoQ10, which can scavenge free radicals, also reform the antioxidant defense system by reducing oxidized antioxidants.[@CIT0028] Moreover, numerous in vitro and animal studies have recommended the CoQ10 anti-inflammatory action, suppressing the inflammatory response by reducing the expression of the nuclear factor-kappa B dependent gene.[@CIT0011],[@CIT0029],[@CIT0030] NF-κB can be activated by the ROS and then leads to the upregulation of the pro-inflammatory cytokines expression. However, the activation cascade could be blocked by antioxidants such as Q10.[@CIT0011],[@CIT0030] Promoter analysis of the miR-146a gene proposes a role of NF-κB in LPS-dependent upregulation of miR-146a.[@CIT0031] Supplementation with reduced form of Q10 could be an approach in order to adjust the inflammatory response by modulation of the LPS, reactive oxygen species (ROS), NF-κB signalling pathway and dependent miR-146a expression.[@CIT0012] Moreover, the ability of tube formation, migration, and invasion in endothelial cells decreased by CoQ10. CoQ10 inhibits angiogenesis in endothelial cells via reduction of vascular endothelial growth factor (VEGF) expression and the ERK phosphorylation.[@CIT0032]

Conclusions {#S0005}
===========

The first study conducted on CoQ10 supplementation efficacy individually was successful in inflammatory status amelioration in breast cancer patients. Further studies as larger and longer clinical trials with higher safe doses are suggested to generalize results.
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[^1]: **Notes:** Anthropometric data are given as mean±SD and demographic data are given as a number (percent).

[^2]: **Abbreviations:** BMI, body mass index; CoQ10, coenzyme Q10.

[^3]: **Abbreviation:** CoQ10, coenzyme Q10.

[^4]: **Abbreviations:** IL6, interleukin-6; IL8, interleukin-8; VEGF, vascular endothelial growth factor A.
